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ABSTRACT
The X1 flare and associated filament eruption occurring in NOAA Active Region 12017 on SOL2014-03-29 has been the source
of intense study. In this work, we analyse the results of a series of non linear force free field extrapolations of the pre and post flare
period of the flare. In combination with observational data provided by the IRIS, Hinode and SDO missions, we have confirmed
the existence of two flux ropes present within the active region prior to flaring. Of these two flux ropes, we find that intriguingly
only one erupts during the X1 flare. We propose that the reason for this is due to tether cutting reconnection allowing one of the
flux ropes to rise to a torus unstable region prior to flaring, thus allowing it to erupt during the subsequent flare.
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1. INTRODUCTION
The rapid releases of magnetic energy observed as solar
flares have long been associated with the eruption of plasma
from the solar atmosphere. Prior to flaring and eruption, the
materials that subsequently erupt can be observed as struc-
tures known as filaments. The plasma composing these fil-
aments is thought to be suspended in magnetic structures
known as flux ropes (e.g. Priest et al. 1989; van Ballegooi-
jen & Martens 1989). The eruptions of these filaments are
commonly thought to be driven by either ideal instabilities;
such as kink instability (Török & Kliem 2005) or torus in-
stability (Bateman 1978; Kliem & Török 2006), or by recon-
nection driven processes such as magnetic breakout (Antio-
chos et al. 1999) and tether cutting reconnection (Moore &
Labonte 1980; Moore et al. 2001). Recent work by Ishig-
uro & Kusano (2017) investigates the double arc instabil-
ity (DAI). This instability, which is controlled by the current
flowing in the flux rope, produced as a result of tether cutting
reconnection, and not by decay index as in the case of the
torus instability. This reliance on internal magnetic structure
rather than the external field can allow a flux rope to rise at
a lower height than torus unstable case. This is significant as
this increase in height driven by the DAI can allow the lower
altitude flux rope to rise and erupt if it then enters a torus un-
stable region. In the actual solar atmosphere it is likely that
these processes act upon flux ropes at varying stages prior
to and during eruption. Inoue (2016) for example presents a
detailed scenario in which a flare triggering process can lead
to tether cutting reconnection, which can then in turn deliver
the flux rope into a torus unstable region where it then erupts.
On 29 March 2014, active region (AR) 12017 produced
an X1 flare, with an associated filament eruption. This
event provided unprecedented simultaneous observations of
all stages of the flare from numerous observatories, provid-
ing coverage across all layers of the solar atmosphere. This
has made this flare a source of intense study (e.g. Judge et al.
2014; Matthews et al. 2015; Li et al. 2015; Battaglia et al.
2015; Young et al. 2015; Liu et al. 2015; Aschwanden 2015;
Kleint et al. 2016; Rubio da Costa et al. 2016). Kleint et al.
(2015) used observations taken by the Interferometric BIdi-
mensional Spectrometer (IBIS) to investigate the eruption of
the filament. This work revealed the presence of consistent
blue shifts of 2 − 4kms−1 along the filament in the hour prior
to flaring. Additionally these observations also indicate the
presence of two filaments within the AR 12017, only one of
which erupts during the the X1 flare. Woods et al. (2017) in-
vestigated the pre-flare period of this flare in detail, through
the use of the Hinode/EIS and IRIS spectrometers, revealing
strong transient blue shifts along the filament 40 mins before
the onset of flaring. This work also utilised non-linear force
free magnetic field (NLFFF) extrapolations to determine the
presence of a magnetic flux rope associated with the filament
present in AR 12017, focusing on the evolution over the pre-
ceding 24 hours.
The aim of this current work is investigate the triggering of
the flare and subsequent filament eruption seen in AR 12017
to complete the understanding of the pre-flare period of this
iconic flare. To this end, we have produced a series of NLFFF
extrapolations, focusing on the time period directly prior to
and after the X1 flare in-order to investigate the origin of
magnetic structure of the flux rope and the possible triggers
for its destabilisation and subsequent eruption.
2. OBSERVATIONS AND METHOD
The analysis presented in this paper utilises the data from
several satellite observations of the 29 March 2014 X1 flare.
The GOES soft X-ray lightcurve for this event is shown
in Figure 1. The Extreme Ultraviolet Imaging Spectrome-
ter (EIS; Culhane et al. 2007) on board the Hinode (Kosugi
et al. 2007) spacecraft, was observing the AR for several
hours prior to flaring. The observing program used for
these observations utilised the 2" slit and raster steps of
4" to produce a field of view (FOV) of 42" x 120". In this
work we analyse the coronal Fe XII 195 Å emission line and
pseudo-chromospheric He II 256 Å . These data were fitted
with single Gaussian profiles (using the solarsoft procedure,
eis_auto_fit), with rest wavelengths being determined exper-
imentally, due to the lack of absolute wavelength calibration
in the data. This was done by selecting a small region of
quiet sun in each raster, fitting this and assuming the mean
centroid velocity to be the rest velocity of the line. Doppler
velocities and non-thermal velocities (Vnt) were calculated in
the manner described in Woods et al. (2017).
Hinode’s Solar Optical Telescope (SOT; Tsuneta et al.
2008) was also observing AR 12017 in the hours prior to
the X-flare. The SOT Filtergram (FG) was operating in shut-
terless mode between 14:00:31 UT and 18:18:50 UT. Ca II
H images were recorded with a cadence of 33 secs, and a
FOV of 55” x 55”. Na I images were captured with a 16 sec
cadence and an FOV of 30” x 81”. These data were aligned
to the first image in the sequence in order to correct for
spacecraft-jitter, and were then subsequently differentially
rotated to 17:00 UT and aligned to the 17:00 UT Helioseis-
mic Magnetic Imager line-of-sight magnetogram, to main-
tain mutual spatial alignment with the other data sources. We
also utilised the SOT Spectropolarimeter (SP) scan of the AR
produced between 17:00 and 17:55 UT.
The Helioseismic and Magnetic Imager (HMI; Scherrer
et al. 2012) on board the Solar Dynamics Observatory (SDO;
Pesnell et al. 2012) provides the observations of the photo-
spheric magnetic field utilised in this paper. Vector magne-
tograms prepared in the Spaceweather HMI Active Region
Patch (SHARP) format (Bobra et al. 2014), were used to cal-
culate non-linear force free field (NLFFF) extrapolations us-
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ing the magnetohydrodynamic relaxation method presented
in Inoue et al. (2014) and Inoue (2016). This method seeks to
find suitable force-free fields that satisfy the lower boundary
conditions, set by the photospheric magnetic fields. We first
extrapolate the potential field only from the Bz component
on the photosphere, which is uniquely determined (Sakurai
1982). Next, we gradually change the horizontal magnetic
fields (Bpot,x,Bpot,y) on the lower boundary, which are poten-
tial components extrapolated from Bz, to match the observed
horizontal fields, (Bobs,x,Bobs,y). During this process on the
bottom boundary while the magnetic fields are fixed with the
potential field at other boundaries, we solve following equa-
tions inside of a numerical box until the solution converges
to a quasi-static state,
ρ = |B| (1)
∂v
∂t
= −(v ·∇)v+ 1
ρ
J×B+ν∇2v, (2)
∂B
∂t
=∇× (v×B−ηJ)−∇φ, (3)
J =∇×B, (4)
∂φ
∂t
+ c2h∇·B = −
c2h
c2p
φ, (5)
where ρ is pseudo plasma density, B the magnetic flux
density, v the velocity, J the electric current density, and φ
the convenient potential to reduce errors derived from ∇·B
(Dedner et al. 2002), respectively. ν is a viscosity term
fixed at 1.0× 10−3, and the coefficients c2h, c2p in Equation
(5) are also fixed with constant values, 0.04 and 0.1, respec-
tively. The resistivity is given as η = η0 + η1|J×B||v|/|B|
where η0 = 5.0×10−5 and η1 = 1.0×10−3 in non-dimensional
units. The second term is introduced to accelerate the relax-
ation to the force-free field particularly in weak field region.
Further details of the NLFFF extrapolation method are de-
scribed in Inoue et al. (2014) and Inoue (2016). In the ex-
trapolations presented in this work the numerical box covers
an area of 230.4× 168.75× 230.4(Mm3) which is given as
1.0×0.78125×1.0 in non-dimensional units. The region is
divided into 320× 250× 320 grids which is result of 2× 2
binning process of the original SHARPS vector magnetic
field in the photosphere.
HMI line-of-sight (LOS) magnetograms as well as images
from SDOs Atmospheric Imaging Assembly (AIA; Lemen
et al. 2012) are also used to provide context images for the
observations in various wavelengths, as well as providing a
suitable reference for co-alignment between the different in-
struments.
3. RESULTS
Figure 1 shows the GOES lightcurve between 15:30 UT
and 19:00 UT, with the times of the five NLFFF extrapola-
tions indicated. Extrapolations 1 - 3 detail the evolution of
the pre-flare magnetic field, extrapolation 4 shows the field
configuration at the time of flare onset (17:36 UT) while ex-
trapolation 5 shows the post flare magnetic field configura-
tion at 18:36 UT. Figure 2 shows the results of these ex-
trapolations in the vicinity of the polarity inversion line (PIL)
of the active region. Figures 2 a - e chart the evolution of
the flux rope from 16:00 UT to 18:36 UT respectively. The
field lines shown are visualised within the VAPOR software
(Clyne & Rast 2005; Clyne et al. 2007). The field lines shown
are plotted within the vicinity of the polarity inversion line,
with the regions in which the field lines are plotted being
kept constant in each extrapolation shown. In Figure 2 a , we
see that there is a clear magnetic structure present in the ac-
tive region from 16:00 UT where field lines seem to form two
separate sub structures. The eastern portion (A) substructure,
marked by the gold field lines, appears to be more twisted,
whilst the western substructure, blue (B), is less so. The first
four extrapolations of the pre-flare period show little obvious
change in the nature of these two magnetic structures. How-
ever between Figures 2 d and e we see a marked difference
in the structures. We see that substructure A has maintained
its twisted nature, while in contrast to this, structure B has
lost its sheared nature and has become a more potential field
configuration.
Figure 2 f shows that the filament present in the AR prior
to flaring has a strong correlation in position to the structures
produced in the extrapolations. Due to the twisted nature
of these features, we interpret these structures as magnetic
flux ropes. Is there any observational support that backs up
the interpretation of there being two flux ropes? From the
AIA images (e.g. Figure 2 f) we can only identify one fila-
ment. Whilst this is not necessarily incompatible with the
findings of the extrapolation it would make it more likely
that only one flux rope was present. However, the study into
the 29-March-2014 X1 flare and filament eruption conducted
by Kleint et al. (2015) found evidence for two separate fil-
aments in the Ca II 8542 Å observations made by the IBIS
instrument. From these observations (Figure 2, Kleint et al.
2015) and the cartoon these authors produced of the active
region and filament positions (Figure 10, Kleint et al. 2015)
we can clearly see the resemblance to the flux ropes that are
reconstructed in our extrapolations (see Figure 2). Hence,
we conclude that our extrapolation are consistent with the
presence of two flux ropes, each supporting a filament within
AR 12017 prior to the X1 flare. It is important to note here,
that the likely reason for our inability to observe two fila-
ments in AIA data, is that AIA uses a broadband filter whilst
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(1) (4)(3)(2) (5)
Figure 1. GOES light curve of the soft X-ray flux from 29 March 2014 15:30 UT. The X1 flare peaked at17:48 UT. The times of the 5 NLFFF
extrapolations are marked. Extrapolations 1 - 3 examine the pre-flare magnetic environment, 4 details the configuration at 15:36 UT the time of
flare initiation, and the final extrapolation 5 shows the post flare magnetic field.
b) 16:36 c) 17:00
d) 17:36 e) 18:36
a) 16:00
f) 17:00
Figure 2. Here we see the five extrapolations of AR12017. Extrapolations a - c examine the pre-flare magnetic environment, d details the
configuration at 15:36 UT the time of flare initiation, and the final extrapolation e shows the post flare magnetic field. There appear to be two
flux ropes within the extrapolation, the eastward structure (flux rope A, gold field lines) and the westward (flux rope B, blue field lines). There
appears to be little change in the two flux ropes prior to flaring (panels a - d). However post flaring this westward feature becomes much less
sheared and returns to a more potential structure in the post flare case seen in extrapolation e. Panel f shows us the AIA 192 Å image for the
same field of view. The white box in panel c highlights the field of view of Figures 3 and 4.
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Figure 3. This figure shows map of magnetic field line connectivity for each of the extrapolations produced. Regions which show the same
colour represent the respective foot points of magnetic filed lines. We can clearly see that there are indeed two distinct systems of magnetic
connectivity, on in pale blue corresponding to flux rope A, and dark blue corresponding to flux rope B. The results of these connectivity
maps confirms the presence two flux ropes, we had previously inferred from Figure 2. Panel f shows the 17:00 UT connectivity map with the
extrapolated magnetic field lines over plotted, further confirming our conclusions. The PIL of the HMI Sharps Bz component are also over
plotted as the solid black lines. These images are plotted in CEA degrees.
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the IBIS observations seen in Kleint et al. (2015) are spec-
trally pure.
As further confirmation of this we mapped the connectivity
of field lines within the extrapolation. To do this we calculate
δ, which is the distance between the footpoints of an individ-
ual field line. This distance is calculated by tracing a field
line from the extrapolation to its footpoints (x0,y0), (x1,y1)
respectively, and combined to find:
δ =
√
(x1 − x0)2 + (y1 − y0)2 (6)
In Figure 3, we show the connectivity maps for field lines
with Twist, Tw> 0.5. Twist is defined as
Tw =
1
4pi
∫ ∇×B ·B
|B|2 dl (7)
, where dl is a line element of a field line. The colour ta-
ble of the resultant plots is used to highlight regions that are
connected by the same field line e.g. regions with the same
colour are linked by magnetic field lines.
The PILs of the HMI Sharps Bz component that the extrap-
olations are produced from are over plotted to provide some
positional information. The results of this process are shown
in Figure 3. Here we can clearly see in Figures 3 a - d, which
chart the evolution prior to flare occurrence, that there are
in fact two separate systems of magnetic field lines present.
Figure 3 e shows the clear changes that have occurred in the
AR as a result of flaring. We can see that, as in Figure 2
e, the where we once saw flux rope B we now see a more
potential magnetic structure. This can be interpreted as flux
rope B erupting during the flare, and the potential field lines
seen in the final extrapolation being those associated with the
post flare loops. Figure 3 f shows the 17:00 UT connectivity
map, with the extrapolated field lines comprising the two flux
ropes. We can clearly see that the positions of the two flux
ropes conform with the conclusions of the corresponding
connectivity map.
To quantify the changes in the magnetic field structure, we
show in Figure 4 the change in twist for two regions beneath
the respective flux ropes. Panel a shows the Bz component
of the photospheric magnetic field at 16:00 UT to act as a
comparison to the twist map shown in panel b. The twist
distribution at 16:00 UT is shown in panel b, with the colour
table displaying values between 0 and 1. Also highlighted are
two subregions each situated beneath one of the flux ropes.
The twist in each pixel of regions 1 and 2 was investigated
for the pre-flare (16:00 UT) extrapolation and the post-flare
(18:36 UT) extrapolation. Panels c and d correspond to re-
gions 1 and 2 respectively, with twist values corresponding to
16:00 UT shown in black and 18:36 UT shown in red. What
can be seen is that in the case of region 1 twist in flux rope A
increases after the flare has occurred, while twist in flux rope
B has decreased.
The difference between these two separate flux ropes
presents an intriguing problem: Why does flux rope B erupt,
despite it being less twisted than flux rope A?
Alongside the twist of these structures, we must also con-
sider their stability to torus instability (Bateman 1978; Kliem
& Török 2006). To investigate this, the decay index, a dimen-
sionless parameter that quantifies the gradient of magnetic
field strength with height, is calculated from the extrapola-
tion results. Decay index is given by:
n = −
∂ lnB
∂ lnZ
(8)
where, B is the magnetic field strength and Z is the radius
of the torus, which is equivalent to height above the photo-
sphere. In a region where n ≥ 1.5 the flux rope will be sus-
ceptible to torus instability. This work utilised the horizontal
component of the magnetic field B in the calculation of the
decay index. Figure 5 shows the spatial distribution of the
decay index calculated from the 17:00 UT extrapolation. We
can see that flux rope A (Figure 5 panel a) is well below the
region in which it would be susceptible to torus instability.
Flux rope B however is much closer to a region of high de-
cay index, see Figure 5 panel b. The higher altitude of flux
rope B and its proximity to the torus unstable region provides
strong evidence as to why it was more likely to erupt during
the X1 flare. However, a mechanism to propel flux rope B
into the torus unstable region is still necessary.
To investigate the possible cause of this we turn to obser-
vational sources to see if an explanation presents itself. In
Figure 6 (and accompanying supplementary movie 1) we see
(in panel a) the Stokes V component in AR 12017 as ob-
served by Hinode SOT’s filtergram. Supplementary movie
1 shows the evolution of the Stokes V component, which we
shall use as a proxy for magnetic field throughout this work,
between 16:00 UT and flare onset at 17:35 UT. Two regions
of interest were selected, as marked by the white boxes in
Figure 6. Each of these is located on the PIL beneath the lo-
cation of the eastward (box 1) and westward (box 2) magnetic
flux ropes respectively. Figures 7 a and b show the evolution
of positive and negative Stokes V within these regions. We
can clearly see that the evolution of Stokes V in these two
regions is very dissimilar. The eastward region 1 shows be-
tween 16:00 UT and 16:35 UT a small decrease in positive
Stokes V, and an equally small increase in negative Stokes
V. After this time positive and negative Stokes V mirror each
other closely with positive Stokes V increasing and negative
Stokes V decreasing. In contrast, the westward region 2 (Fig-
ure 7 b) we see that positive Stokes V decreases throughout
the period of observation. Between 16:00 UT and∼16:35 UT
negative Stokes V varies, in fact showing a slight increase
during this time. From 16:35 UT however, negative Stokes V
is seen to drop significantly until ∼17:00 UT at which point
it is seen to rise once more. After this point (∼17:15 UT)
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Figure 4. Panel a shows the pre-flare HMI LOS magnetic field of the active region at 16:00 UT. Panel b shows the twist calculated from the
extrapolation at 16:00 UT. The colour table shows twist values between 0 and 1. Panels c and d show histograms of twist in the boxes labelled 1
and 2 respectively in panel b. In both c and d the black line corresponds to twist values from the 16:00 UT extrapolation, and red from 18:36 UT.
the values of Stokes V stabilise and remain fairly constant
until flare onset. Harra et al. (2013) utilised observations
of non-thermal velocity calculated from spectra obtained by
Hinode/EIS to identify locations of pre-flare activity. Woods
et al. (2017) also utilised this technique to identify signa-
ture, that they attributed to being most likely driven by tether
cutting reconnection. In Figures 7 c and d we show, for the
same time period and areas, the evolution of Fe XII intensity
and non-thermal velocity (Vnt). From ∼16:40 UT in region 2
(Figure 7 d) there is an increase in intensity and the start of
an upward trend of Vnt that continues until flare onset. This
timing coincides with the decrease in both positive and neg-
ative Stokes V seen in this region. In contrast there is little
activity seen in either intensity or Vnt from region 1 (Figure 7
a). Supplementary movie 1 and Figure 6 b focus on the area
around the region 2 where we observe the apparent flux can-
cellation in Figure 7 b. To investigate cause of the Vnt and
intensity enhancements, data taken by several other satellites
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a) b)
Figure 5. The spacial distribution of decay index, n, is shown over plotted on the extrapolations. We see in panel a that flux rope A, gold field
lines, is very low altitude and is situated far below the torus unstable region. Panel b shows that flux rope B, blue field lines, lies at a higher
altitude and thus, closer to the torus unstable region.
a) b)
Figure 6. Stokes V map of AR 12017. Panel a shows the full field of view, with the two sub regions of study marked by the boxes labelled 1
and 2 respectively. Panel b shows an insert of the region around region 2. This area undergoes flux cancellation. An animated version of this
figure is available online, and is referred to in the text as supplementary movie 1. This animation shows the evolution of the Stokes V fields of
view between 16:00 UT and 17:35 UT the time of flare onset.
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were used. Figure 8 shows the locations of the most intense
emission in several spectral lines covering the full solar atmo-
sphere: coronal Fe XII (195 Å) and pseudo-chromospheric
He II (256 Å) as observed by Hinode EIS; the transition re-
gion line Si IV, as seen by IRIS and the chromospheric Ca II.
These data are then overlayed onto the HMI Sharps maps
used in the preparation of the extrapolations. We see that
most brightenings are centred upon the region where we ob-
served the apparent cancellation of flux in the Stokes V data.
4. DISCUSSION
NLFFF modelling has confirmed that prior to the eruption
two separate flux ropes are present within the active region.
During the flare, flux rope B is seen to erupt whilst flux rope
A does not. This is also supported by the results of the ex-
trapolations (See Section 3, Figure 2), where we see that post
flaring flux rope B has been replaced with a more potential
magnetic field configuration, whilst flux rope A has gained
twist. This result is somewhat surprising, as flux rope A
is seen (in the pre-flare extrapolations) to have consistently
higher twist that its western counterpart. One might expect
that the flux rope with the highest twist would be most likely
to erupt through several possible mechanisms or instabilities
(e.g. kink instability etc.). So, why then in this case do we
see the flux rope with lesser twist erupting counter to expec-
tations? The answer most likely comes from the brightenings
we highlighted in Figure 8 panel a. Here we found brighten-
ings throughout several layers of the solar atmosphere also
accompanied by enhanced Vnt signatures. These signatures
are highly suggestive of magnetic reconnection. Addition-
ally, the brightenings are all coincident with a location of
possible flux cancellation. The presence of flux cancellation
is determined in Figure 7 b, and can be clearly seen in sup-
plementary movie 1. We interpret these observations as indi-
cations of magnetic reconnection occurring below flux rope
B, consistent with the presence of tether cutting flux cancel-
lation in the vicinity of the neutral line (Moore et al. 2001).
Additionally, from panel b of Figure 8 we can see that
the likely source of the field lines that reconnect with flux
rope B leading to the flux cancellation are shown in purple.
These extend from the sunspot to the region where we ob-
serve the flux cancellation beneath flux rope B. This recon-
nection could in turn destabilise flux rope B, eventually lead-
ing to its eruption. The absence of flux cancellation in the
vicinity of flux rope A in the hour leading up to flaring could
explain why it remains stable and non-eruptive in the flare it-
self. Further evidence for this region being heavily involved
in the triggering of the X1 flare comes from examination of
the flare ribbons. Figure 9 shows IRIS slit jaw images (SJI)
of the active region in 1400 Å and 2796 Å (left and right hand
columns respectively). In panel a, we see the SJI data taken at
17:00 UT. The arrow denotes the location of the bright region
we discussed earlier. Panel b shows the same field of view at
17:45 UT, during the early stages of the flare. We see that the
brightening from Figure 9 b has elongated slightly to form a
flare ribbon and has also been joined by a corresponding rib-
bon to the south. In Figure 9 c, 17:48 UT we see clearly the
full flare ribbons and note (with the arrow) the position of the
ribbon that resulted from the initial brightening. As we have
discussed, flux rope B is most likely destabilised by recon-
nection occurring in the flux cancellation region. This recon-
nection is most likely tether cutting reconnection, thus allow-
ing the flux rope to rise and eventually erupt. But, why then
does the companion flux rope A not erupt, despite its twisted
nature? Firstly, from Figures 5 and 6 we know that there is
little sign of flux cancellation in the vicinity of flux rope A.
Additionally we see little evidence from other sources (e.g.
Hinode EIS, IRIS etc.) of intensity enhancements within the
region of this flux rope. This clear difference to flux rope B
allows us to infer that it is highly unlikely that tether cutting
reconnection is occurring in flux rope A. Although this flux
rope is observed to have higher twist than the flux rope B, the
level of twist was found to be ∼1, which is below the thresh-
old, Tw = 1.75 (Török & Kliem (2004)), for kink instability
to occur, thus giving it further stability.
From the results and analysis we have presented, we pro-
pose the following scenario that leads to the triggering of the
eruption of flux rope B. The interaction of flux rope B with
the purple field lines shown in Figure 8 b leads to the on-
set of tether cutting reconnection between these two features.
This is evidenced by the flux cancellation and brightenings
seen in Figures 7 and 8 respectively. This tether cutting re-
connection then possibly leads to the onset of Double Arc
Instability, DAI. At this point prior to flaring, flux rope B is
in a region where the decay index is below the threshold nec-
essary for Torus instability to occur. Per Ishiguro & Kusano
(2017), current may increase in flux rope B due to the tether
cutting reconnection, leading to the onset of DAI, allowing
flux rope B to enter the Torus unstable regime and to erupt
during the X1 flare. Kleint et al. (2015) observed blue shifts
along the filament during the slow rise flare of the X1.0 flare
and during the eruption its self. The velocities observed by
Kleint et al. (2015) are of order of 100skms−1 (dependant on
spectral line observed), and as such are consistent with those
expected from DAI (See; Ishiguro & Kusano 2017, Section
4.2 and Figure 7), where velocities of 320km−1 are predicted.
Flux rope A on the other hand, despite appearing to be
more highly twisted than flux rope B, lacks the interaction
with other magnetic fields to allow tether cutting reconnec-
tion and DAI to propel it into the torus unstable region. Thus,
whilst flux rope B is able to erupt, flux rope A is non-eruptive
during the X1 flare.
10 M. M. WOODS ET AL.
Region 1: Pos vs Neg Stokes V
16:15 16:30 16:45 17:00 17:15 17:30
Start Time (29−Mar−14 16:00:31)
0
5.0×105
1.0×106
1.5×106
2.0×106
Po
sit
ive
 S
to
ke
s V
0
−5.0×105
−1.0×106
−1.5×106
−2.0×106
Ne
ga
tiv
e 
St
ok
es
 V
Region 2: Pos vs Neg Stokes V
16:15 16:30 16:45 17:00 17:15 17:30
Start Time (29−Mar−14 16:00:31)
0
5.0×105
1.0×106
1.5×106
2.0×106
Po
sit
ive
 S
to
ke
s V
0
−5.0×105
−1.0×106
−1.5×106
−2.0×106
Ne
ga
tiv
e 
St
ok
es
 V
Flux Emergence Region: Intensity vs Vnt
16:00 16:15 16:30 16:45 17:00 17:15 17:30
Start Time (29−Mar−14 15:59:10)
200
400
600
800
1000
M
ea
n 
In
te
ns
ity
50
60
70
80
90
100
M
ea
n 
Vn
t (
Km
/s)
High Twist Region: Intensity vs Vnt
16:00 16:15 16:30 16:45 17:00 17:15 17:30
Start Time (29−Mar−14 15:59:10)
200
400
600
800
1000
M
ea
n 
In
te
ns
ity
50
60
70
80
90
100
M
ea
n 
Vn
t (
Km
/s)
Positive stokes V
Negative stokes V
Positive stokes V
Negative stokes V
a) b)
d)c)
Fe XII intensity
Fe XII Vnt
Fe XII intensity
Fe XII Vnt
Figure 7. Panels a and b detail the evolution of positive (black) and negative (red) Stokes V for the two regions seen in Figure 6 a respectively.
Evidence of flux cancellation is clearly seen in panel a between 16:30 and 17:00 UT. Panels c and d show for the same time period the evolution
of intensity (red) and non-thermal velocity (blue). We see that for region 2 (panel d), which experiences flux cancellation, there are intensity
enhancements during this time as well as a trend towards increasing non-thermal velocity. This is not seen in region 1, panel c.
Figure 8. Panel a shows the locations of the most intense emission in several spectral lines covering the full solar atmosphere: coronal
Fe XII (red) and pseudo-chromospheric He II (green) as observed by Hinode EIS; the transition region line Si IV (pink), as seen by IRIS and the
chromospheric Ca II (blue) observed by Hinode SOT. These data are then overlayed onto the HMI Sharps maps used in the preparation of the
extrapolations. We see that most brightenings are centred upon the region where we observed the cancellation of flux in the Stokes V data. In
panel b, we see flux rope B in relation to a group of field lines (L, shown in purple). We propose that it is the interaction between flux rope B
and these field lines that leads to the flux cancellation and observed brightenings. Also shown are the locations of the brightenings from panel
a.
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a)
b)
c)
Figure 9. In this figure we see IRIS SJI images of AR 12017. The left hand column shows 1400 Å data whilst the right shows 2796 ÅI˙n panel
a we see the pre-flare brightening seen above the flux cancellation region, marked by the arrow. Panel b shows the situation during the flare at
17:45 UT, where the arrows indicate the flare ribbons that have extended from the brightening in panel a. Panel c shows the post flare ribbons,
with the arrow indicating the ribbon that resulted from the pre-flare brightening.
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5. CONCLUSION
In this paper we have presented an analysis of the pre-flare
period of the X1 flare that occurred in AR 12017. We pro-
duced a series of five NLFFF extrapolations in order to inves-
tigate the evolution of the magnetic field in the active region.
These extrapolations not only confirmed the presence of a
flux rope within the active region, but revealed that this flux
rope was in fact composed of two separate flux ropes. Of
these two flux ropes, only the western flux rope (B) erupted
during the flare. Utilising observations from multiple layers
of the atmosphere, in combination with Hinode SOT FG ob-
servations of the photospheric magnetic field, we discovered
evidence of flux cancellation beneath the western flux rope
up to one hour prior to flaring leading to reconnection. It is
this reconnection that we believe destabilises the flux rope
and allows its subsequent eruption during the flare.
We propose that it is tether cutting reconnection which al-
lows flux rope B to rise slowly, possibly leading to the onset
of DAI, which in turn propels the flux rope from a torus stable
region to a region where it is subject to this instability. There-
fore, during the X1 flare flux rope B is able to erupt from the
active region. We also theorise that despite the twisted nature
of the eastward flux rope (A), it does not erupt during the X1
flare for the following reasons: 1) the absence of destabilis-
ing flux cancellation and following tether cutting reconnec-
tion, 2) although it is twisted, the twist in the eastern flux
rope is below the threshold for kink instability to occur.
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